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Abstract. The Mediterranean is one of the most cycloge-
netic regions in the world. The cyclones are concentrated
along its northern coasts and their tracks are oriented more
or less west-east, with several secondary tracks connecting
them to Europe and to North Africa. The aim of this study is
to examine scenarios in the development of Mediterranean
cyclones, based on ﬁve selected winter seasons (October–
March). We detected the cyclones subjectively using 6-
hourly Sea-Level Pressure maps, based on the NCAR/NCEP
reanalysis archive.
HMSO (1962) has shown that most Mediterranean cy-
clones (58%) enter the Mediterranean from the Atlantic
Ocean (through Biscay and Gibraltar), and from the south-
west, the Sahara Desert, while the rest are formed in the
MediterraneanBasinitself. Ourstudyrevealedthatonly13%
of the cyclones entered the Mediterranean, while 87% were
generated in the Mediterranean Basin. The entering cyclones
originate in three different regions: the Sahara Desert (6%),
the Atlantic Ocean (4%), and Western Europe (3%).
The cyclones formed within the Mediterranean Basin were
found to generate under the inﬂuence of external cyclonic
systems, i.e. as “daughter cyclones” to “parent cyclones” or
troughs. These parent systems are located in three regions:
Europe (61%), North Africa and the Red Sea (34.5%) and the
Mediterranean Basin itself (4.5%). The study presents sce-
narios in the development of Mediterranean cyclones during
the winter season, emphasizing the cyclogenesis under the
inﬂuence of various external forcing.
The large difference with respect to the ﬁndings of HMSO
(1962) is partly explained by the dominance of spring cy-
clones generating in the Sahara Desert, especially in April
and May that were not included in our study period.
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1 Background
The Mediterranean Basin (MB) is one of the most cycloge-
netic regions in the world (Petterssen, 1956; HMSO, 1962;
Campins et al., 2000). This is in spite of its being south of the
global mid-latitude cyclone belt and the fact that its southern
end, latitude 30◦ N, denotes the northern border of the global
desert belt (Trewartha and Horn, 1980; Ahrens, 2000). The
southern location of the MB suppresses cyclonic activity in
the summer, leaving the winter as the main active season.
In the winter, the MB offers all the cyclogenetic factors, be-
ing highly baroclinic, warmer than its surroundings and posi-
tioned at the lee of mountain ridges, such as the Atlas ridge in
Morocco, the European Alps and the Taurus ridge in Turkey
(HMSO, 1962; Alpert et al., 1990, 1996; Trigo et al., 1999;
Lionello et al., 2006).
The MB winter cyclones have some special character-
istics: they develop mainly at the northern Mediterranean
coasts; their horizontal size varies between meso-scale and
synoptic-scale (Alpert et al., 1990; Trigo et al., 1999;
Campins et al., 2000; Trigo, 2006; Lionello et al., 2006);
their life span is around one to four days; their typical speed
is ∼5ms−1; they reach the troposphere (Alpert and Ziv,
1989). In addition to the winter cyclones, another type of
frontal cyclone, known as the “Sharav”, or “North African
Cyclone” (Alpert and Ziv, 1989), is observed in the MB.
These cyclones, most frequent in the spring season, develop
and move along the southern coast of the MB. They owe their
existence to the high temperature gradient that develops be-
tween the Mediterranean Sea and the African continent dur-
ing that season (Alpert and Ziv, 1989).
The winter cyclone track in the MB co-exists with the Eu-
ropean track, which is an extension of the Atlantic storm-
track. It is therefore possible that the MB cyclones are in-
ﬂuenced by the European ones (HMSO, 1962; Alpert et al.,
1990; Lionello et al., 2006).
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Fig. 1. Main winter cyclone track in the MB. Average annual frequencies are shown in brackets (HMSO, 1962, p. 33).
HMSO (1962) documented the cyclone tracks in the MB,
see Fig. 1. The main track is eastward, along the northern
coast of the Mediterranean, down to the Levant region, with
three branches toward the northeast, where cyclones leave
the MB in favor of the European track; two in the Adriatic
Sea and one in the Aegean Sea. An additional track extends
from the lee of the Atlas along the North Africa coast.
HMSO (1962) differentiated between cyclones that have
formed within the MB and those entering that region. They
found that 42% of the MB cyclones are formed outside the
Basin. They divided the MB into three parts and emphasized
the western MB as the most cyclogenetic. Other studies also
described the typical track that starts from the western part
of the MB and moves along it down to its eastern end.
Many efforts have been made to map the MB cyclogenetic
regions (Petterssen, 1956; Alpert et al., 1990; Trigo et al.,
1999; Campins et al., 2000; Maheras et al., 2001; Genov´ es
et al., 2006; Lionello et al., 2006; Trigo, 2006). The main
regions are: the Gulf of Genoa, the Iberian Peninsula, Palos,
the Atlantic coast of Morocco, southern Italy, the Aegean
Sea, the Tyrrhenian Sea, south of Sardinia, the Ionic sea, the
Balares Islands and Cyprus.
Reiter (1975) mentions that the most cyclogenetic region
is the western MB, but Alpert et al. (1990) and Petterssen
(1956) found that the eastern MB is more cyclogenetic than
the western part (the Gulf of Genoa)
The present study attempts to re-evaluate those cyclones
formed in the MB and those entering the region. In addition,
a special effort is devoted to identifying and outlining the
main scenarios of Mediterranean cyclogenesis. The motiva-
tion for this study is improvement of the atmospheric data
base. Here, we present preliminary results, based on ﬁve
winter seasons. Section 2 speciﬁes the data and methodology
used, Sect. 3 describes the results and Sect. 4 summarizes the
implications of our ﬁndings and outlines the next stages for
the research.
2 Methodology and data base
Five winter seasons (October–March) were selected: 1986/7,
1991/2, 2001/2, 2002/3, 2003/4. These winters were se-
lected as representing different types of cyclone formation.
For instance in 1991/2 the cyclones were continuously con-
centrated in the eastern Mediterranean, whereas in 1986/7
there was a considerable shift in their location during the
season. We chose the period October–March as the winter
season since it is the period when most MB cyclones affect
the region (HMSO, 1962).
The database is the sea-level pressure (SLP) maps taken
fromtheNCEP/NCARCDAS-1archive(Kalnayetal., 1996;
Kistler et al., 2001) reanalysis gridded data, with a 2.5◦×2.5◦
spatial and 6h temporal resolutions. The study region covers
the domain 25◦ N–65◦ N and 20◦ W–45◦ E.
The 6 hourly SLP maps were scanned subjectively and
the center of each cyclone was detected and marked. Since
eastern MB cyclones are characterized by a relatively high
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pressure, we avoided using any threshold for the central pres-
sure of cyclones or for the pressure gradient
3 Results
3.1 The origins of entering cyclones
For the ﬁve studied seasons, only 13% of the observed cy-
clones were generated outside the MB, and these were found
to enter the region along three different routes (Fig. 2). The
largest number of entering cyclones (46%) originated from
the Sahara Desert, at the lee of the Atlas Mountains (as de-
scribed in detail by Egger et al. (1995) and seen in Fig. 2a).
Some of these cyclones were found to move along the North
African coast, others along the Mediterranean Sea, in agree-
ment with HMSO (1962) and Alpert and Ziv (1989). 43% of
them reached the eastern coast of the MB.
The second area of origin for Mediterranean cyclones
is the Atlantic Ocean (31%). These cyclones entered the
MB through Gibraltar and Biscay (Fig. 2b) and continued
their track eastward, mostly along the northern coast of the
Mediterranean Sea. Most of them (88%) turned northeast-
ward at the Aegean Sea and reached the Black Sea. The rest
(12%) proceeded eastward and reached the eastern coast of
the MB.
The third area of origin is Western Europe (23%), mostly
through the Gulf of Genoa (Fig. 2c). This scenario was not
noted by HMSO (1962). The cyclones moved eastward and
turned northeastward where some of them merged with the
European cyclone track. It was found that only one reached
the eastern coast of the Mediterranean
It should be noted that while most cyclones originating
from the Sahara Desert reached the eastern coast of the MB,
only a minority of the cyclones originating in the Atlantic
reached that region and almost none of those originated in
Western Europe.
3.2 Scenarios of cyclogenesis within the Mediterranean
Basin
Our study revealed that most cyclones, 87%, were generated
in the MB itself. This cyclogenesis was found to form under
the inﬂuence of a pre-existing cyclonic system, deﬁned as
a “parent cyclone”. The scenarios described below concen-
trate on the location of the genesis in the MB with respect to
the location of the “parent cyclone”, being either in Europe,
North Africa or the MB itself.
3.2.1 European “parent cyclones”
Most (61%) of the cyclones generating in the MB are formed
as “daughter cyclones” by the inﬂuence of European “par-
ent cyclones”. The cyclogenesis occurred in the lee of the
main mountain ridges, i.e., the Alps (e.g., Egger 1998), the
Balkans or the Taurus. Three scenarios were identiﬁed (as
Fig. 2. Main scenarios of entering cyclones: (a) The Sahara Desert
(b) The Atlantic Ocean and (c) Western Europe.
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Fig. 3. Sea level pressure for cyclones generated as “daughter cyclones” by the inﬂuence of European “parent cyclones”: (a) East Europe
(14 February 2004 00:00UTC) (b) West Europe (12 October 1991 00:00UTC) and (c) central Europe (23 January 2003 06:00UTC).
illustrated in Fig. 3). In the ﬁrst scenario (51% of the cases
related to European cyclones), the parent cyclones were lo-
cated over Eastern Europe and the resulting cyclogenesis
took place over the Aegean Sea and or the lee of the Taurus
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Fig. 4. Sea level pressure for cyclones generated within easterly African troughs: (a) East MB (3 December 2003 18:00UTC), (b) central
MB (10 February 2003 18:00UTC).
Mountains. All of these cyclones reached the eastern part of
the MB and then moved further to the east or turned north, at
southeast Turkey, toward the Black Sea (Fig. 3a). In some
cases the “daughter” Mediterranean cyclone, when reach-
ing the Black Sea, generated another cyclone in the eastern
Mediterranean that can be referred as a “granddaughter cy-
clone”.
In the second scenario (25.5%), the cyclones were gener-
ated over the western part of the MB, mostly in the Gulf of
Genoa or the lee of the Pyrenees, under the inﬂuence of At-
lantic cyclones, which became European cyclones (Fig. 3b).
These cyclones moved eastward and when reaching Italy or
the Aegean Sea turned northward and merged with the Euro-
pean cyclone track. Only 10% of those cyclones reached the
eastern MB.
In the third scenario (23.5%), the cyclones were generated
at the central MB, mostly south of the Italian Alps. The “par-
ent” cyclones were located over central Europe, almost pre-
cisely north of the region of the Mediterranean cyclogenesis
(Fig. 3c). 10.7% of those cyclones reached the eastern MB.
To conclude, the location of the “parent” cyclone with re-
spect to the MB, determines the location of the cyclogenesis,
and the tracks of the “daughter” cyclone. Generally, for par-
ent cyclones located over Western Europe, the cyclogenesis
took place southeast of it. For central Europe, it took place
to the south, and for Eastern Europe the cyclogenesis took
place to the southwest. After their formation, the “daugh-
ter” cyclones move mostly eastward; some of them reach the
Eastern MB, some of them dissipate in the central MB and
the rest merge with the European cyclone track. The further
the cyclogenesis was from the Eastern MB, the smaller was
the chance of the “daughter” cyclone reaching that region.
3.2.2 Genesis within easterly trough over North Africa
The MB was frequently found to be dominated by an east-
erly ﬂow associated with a north-south pressure gradient.
Under these circumstances troughs extended from Africa,
within which cyclones develop over the southern coasts of
the Mediterranean. Such a development, which can be con-
sidered as reﬂecting transformation of tropical disturbances
to extratropical cyclones, was observed in both the western,
central and eastern parts of the MB. This scenario was re-
sponsible for 34.5% of the cyclones generated in the MB
(Fig. 4).
Two preferred locations for this type of cyclogenesis were
identiﬁed. The ﬁrst (68.5% of the cases) is the eastern part
of the MB, mostly in the vicinity of Crete. An example of
such a development is the so-called Red Sea trough, within
which a cyclone is formed near Cyprus (e.g., Dayan et al.,
2001 and Fig. 4a). These cyclones move eastward toward the
eastern coast of the Mediterranean or turn northward, down
www.adv-geosci.net/12/59/2007/ Adv. Geosci., 12, 59–65, 200764 M. Romem et al.: Scenarios in the development of Mediterranean cyclones
Fig. 5. Sea level pressure for 6 November 2001 00:00UTC, when a
cyclone was formed under the inﬂuence of a Mediterranean “parent
cyclone”.
to the Black Sea. The second (31.5% of the cases) is the
western and the central parts of the MB, Sardinia, Sicily and
north Libya. In most cases, these cyclones moved eastward
along the southern coasts of the Mediterranean, and reached
its eastern coast (Fig. 4b). The trough within which these cy-
clones were formed in the western part of the Mediterranean
was oriented mostly southwest-northeast (Fig. 4b), but for
those which developed in the eastern MB the orientation of
the trough is south-north.
3.2.3 Cyclogenesis induced by Mediterranean “parent cy-
clones”
Several cyclones were found to be generated by a “parent
cyclone” which was itself a Mediterranean cyclone (Fig. 5).
This scenario includes only 4.5% of the cyclones generated
in the MB.
It occurs when a Mediterranean cyclone reaches the east-
ern part of the MB and develops a trough to its west, to-
ward the central part of the Mediterranean. In this trough,
a “daughter cyclone” develops, mostly next to the Italian
peninsula. The “daughter cyclone” tends to move eastward
either to the eastern MB or northward reaching the coast of
southern Turkey.
4 Summary and discussion
Figure 6 summarizes the scenarios found for the develop-
ment of Mediterranean cyclones. The thick arrows repre-
sent the routes through which cyclones enter the MB. The
solid arrows represent the main locations of the cyclones or
troughs within which cyclogenesis occurs, deﬁned as “parent
cyclones”.
Fig. 6. Summary of the scenarios for the development of cyclones
in the Mediterranean Basin. Thick violet arrows represent tracks
of cyclones entering the MB and solid arrows represent the troughs
within which cyclogenesis takes place.
The vast majority (87%) of the cyclones are generated
inside the MB. This percentage is more than twice the
42% reported by HMSO (1962). The difference may be
partly explained by our choice to focus on the winter sea-
son (October–March), and to exclude April and May, known
to be the peak of the Sahara originated cyclones.
The Mediterranean cyclogenesis was found to be induced
by the inﬂuence of external cyclonic systems. This includes
Atlantic cyclones, European cyclones, widespread low pres-
sure systems over Africa and even pre-existing Mediter-
ranean cyclones. The main contributors were “parent cy-
clones” located over Europe, especially over Eastern Europe
(which generated ∼1/4 of the Mediterranean cyclones). An-
other important source of Mediterranean cyclogenesis is the
Red Sea Trough (∼1/5 of the Mediterranean cyclones).
The cyclogenesis, induced by European or Mediterranean
cyclones, took place at the lee of the main mountain ridges,
mainly the Alps, the Balkans and the Taurus. The location of
the “parent cyclones” with respect to the MB determined the
relative location and track of the “daughter cyclone” formed.
When the parent cyclone is located in the western, central or
eastern Europe the cyclogenesis takes place southeast, south
and southwest respectively of the “parent cyclone”.
After being generated, the “daughter cyclones” move
mostly eastward. Some of them reach the Eastern MB, some
of them dissipate in the central MB and the rest merge with
the European cyclone track. The further the cyclogenesis
from the Eastern MB, the less the chance of the “daughter
cyclone” of reaching that region. Our ﬁndings stress the fact
that MB cyclones that are formed in the western Mediter-
ranean, orenteringthere, donotalwaysmovealongtheentire
MB down to its eastern end. Only a few cyclones (10.3%),
succeed in reaching this endpoint and the rest turn northeast-
ward at the Aegean Sea or southern Turkey.
This preliminary study has found, according to the fre-
quencies of cyclones, that the eastern MB is a more
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cyclogenetic region than the western part (Gulf of Genoa),
c.f. Alpert et al. (1990) and Petterssen (1956).
Thecyclogenesisinducedbyeasterlywavescanbeconsid-
ered as tropical-extratropical interaction, i.e., a transition of
tropical disturbance into an extra-tropical cyclone (as found
by Ziv (2001) when a tropical surface trough, developed un-
der a tropical plume, generated a Mediterranean active cy-
clone). However, not all of the easterly troughs are real trop-
ical disturbances, since a newly formed cyclone, while su-
perimposed on a pre-existing south-north pressure gradient,
also resembles an easterly trough. Of course, after further
deepening, the forming cyclone becomes visible as a closed
cyclone.
Another ﬁnding regarding the development of MB cy-
clones is that in several cases the cyclogenesis took place
in sequence. For instance, a Mediterranean cyclone that
moved northeast, and became a European cyclone, formed a
new Mediterranean cyclone (which can be entitled a “grand-
daughter cyclone”) and so on (e.g., on 12–14 February 2004,
in the eastern Mediterranean, not shown).
It should be emphasized that this research is a preliminary
study examining only ﬁve seasons. We believe that extend-
ing the study period to 50 years will authenticate the sce-
narios found here. Moreover, an objective methodology for
analyzing cyclones and their development is being developed
in order to expose the inter-relations between the European
and the Mediterranean cyclones objectively as well as the de-
tailed development of MB cyclones within easterly troughs.
Since most of these cyclones are baroclinic, a more complete
research study is needed to investigate the 3-D structure of
these cyclones for the various scenarios.
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